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MATERIAL-UTILISED ALTERNATING CURRENT MACHINES 



TECHNICAL FIELD 

The present invention relates generally to devices and methods for control of 
alternating current machines. The invention relates in particular to control 
of the power conversion in synchronous suid asynchronous machines having 
solid insulated rotor windings by changing power production or extraction 
during monitoring of the rotor winding temperature of the machine. The 
invention also refers to electric power plants comprising controllable 
alternating current machines, and control of such plants. 

BACKGROUND 

An electric power network consists in principle of a number of sources and 
sinks for electrical power. Many sinks, such as bulbs etc. have a more or 
less pure resistive impedance and give rise to a constmiption of essentially 
only active power. Other loading objects, such as induction motors have on 
the other hand an impedance with an inductive component and consume 
thereby both active and reactive power. The electric power network thus has 
to provide a certain flexibility and capability to deliver or receive power, in 
particular reactive power. Alternating current machines that work as electric 
generators in an electric power network deliver both active and reactive 
power to the power network, in an extent that is determined by the supplied 
mechanical power, and by the magnetisation of the machine. By changing 
these operation conditions, the relation between transmitted reactive and 
active power is changed. Alternating current machines that operate as 
motors, such as sjrnchronous motors, receive active power from the electric 
power network and deliver normadly reactive power to the electric power 
network. The exception is asynchronous motors with short-circuited rotor, 
which always have to be supplied with reactive power, often by phase 
compensation by using shunt capacitors. Generally, an alternating ctirrent 
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machine thus constitutes a converter for active power and at the same time 
a simple and easily available adjusting device for reactive power. 

Transmission of both reactive and active power contributes to power losses 
in electric power networks. Furthermore, shortage of reactive power or an 
xmfavourable distribution of it in an electric power plant or an electric power 
network may lead to so-called voltage collapse. Hiis is particularly important 
in connection with the occurrence of lax^er faults in the power network, e.g. 
when larger generators or motors suddenfy fall out. When this happens, the 
properties of the electric power network change. Different regulators in the 
electric power network or the electric power plant will try to maintain the 
frequency and the voltage within the predetermined limits. This may today 
among other things be performed by changing active and reactive production 
at generators and by changing the transformation ratio by online tap 
changer regulation in transformers. However, this has at certain occasions 
proved not to be enough. If the need of reactive power is larger than what the 
electric power network can provide, the transmission capability in the 
electric power network may break down very rapidly in that the maximum 
point at the so-called PV-curve is passed or in that there are further 
disconnections of remaining production imits as a result of overload. The 
limitation of the amount of transmitted power depends in many electric 
power networks on shortage of reactive power, mainly at critical points in the 
network and not on that thermal limits of transmission lines are exceeded. It 
is thus of great importance for an electric power network operator in order to 
be able to control the voltage of the electric power network, to maintain a 
suitable distribution of sources and sinks of reactive power, and to be able to 
change this distribution during shorter periods. 

One way to control the reactive power is the introduction of phase 
compensating elements in the electric power network. For large and complex 
networks, in particular if the nature of the load chauiges from one period of 
time to another, such solutions require extensive analyses and simvilations 
in order to determine, in an optimum way, positioning and electric power for 
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these phase compensators. Furthermore, procedxires for how these are to be 
controlled for different operational conditions in the network are required. 
Another measure in order to control the amount of reactive power may be to 
change the operational conditions for alternating current machines, in order 
to make these reducing or increasing delivered or consumed reactive power. 
Since many alternating current machines, both in generator operation and 
in motor operation, operate close to their nominal powers, the margins for 
such changes are, however, normally veiy small. In order to be able to 
influence the relation between reactive and active power in a significant way, 
also the active power of the machine has typically to be decreased, in order 
for the magnetising or winding temperature not to exceed their nominal 
values. A phase compensation via alternating cxirrent motors is therefore 
normally only possible to occur by decreasing the active power, which in 
most cases is unsatisfactory. 

Altemating current machines according to the state of the art are normally 
provided with different kinds of overload protections and/or limiting devices. 
The limits for how hard an altemating current machine can be utilised are 
often set by considerations regarding temperatures, e.g. the temperatures of 
the stator and rotor windings. Allowed currents in the windings are generally 
estimated by means of simple theoretical models. For the rotor winding, a 
limit for the c\irrent is typically set by the magnetising equipment. This may 
have a limit at e.g. nominal rotor current. Larger machines are often 
equipped with a rotor current limiter, which besides a momentary limiter 
may contain a time-delay that allows a certain over-current during a shorter 
period of time. This limitation is, however, static and does not take the 
actual thermal condition of the synchronous machine into accoimt. 

In the patent US 4,114,077 a rotor overtemperature protection device is 
disclosed. The aim of the protection is to prohibit the non-insulated squirrel- 
cage of the rotor to thermally expand causing mechanical damage of the 
rotor or get into mechanical contact with the stator. This is a typical example 
of the above described protection devices. If a temperature threshold is 
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exceeded, the protection device gives a signal and the overall operation of the 
machine is interrupted. The sensor is not a temperature meter; it only gives 
a signal at a critical value. This corresponds vary well to the failure it is a 
protection against, i.e. thermal expansion of rotor squirrel-cage windings. 
For solid winding insulation the temperature limit is influenced also by the 
time, and hence flexible temperature limits are possible to define. This 
necessitated for more sophisticated temperature meters. 

In the patent appUcation EP 0 902 265 a temperature supervision device is 
disclosed. A temperatiare sensor senses the temperature of the rotor itself, 
and the reading is transferred to the static side. The device is preferably 
used in a turbopimip, and a too high pumping pressure may increase the 
rotor temperature such that the thermal expansion exceeds the mechanical 
tolerances in the pump, which will resialt in damages of the pump. The 
monitored temperature can be used for changing the operation of the motor 
in order to protect it fi-om such high rotor temperatures, e.g. by reducing the 
rotational speed. This is also a typical example of a pure protcctional device. 

The stator winding on alternating current machines are normally protected 
by an over-current protection. At overload of the machine, such as that the 
current exceeds a limit given by nominal power, the machine is 
disconnected. Synchronous machines may be equipped with a stator current 
limiter. One is then able to regulate down the rotor ciorrent in order to limit 
the reactive power so that the operational point is kept within the allowed 
operational area in a well-known "P-Q circle diagram", which for the skilled 
man in the art often is called capability diagram. This is also performed 
independent of the actual temperature of the stator winding. 

In the US patent 5,321,308 a control apparatus for turbine generators is 
disclosed. The apparatus protects stator and rotor from over-temperatures 
by monitoring temperatures of stator and rotor. The rotor temperature 
measured indirectiy, i.e. calculated from rotor cxirrents and rotor voltages, 
which means that only the average rotor temperature is monitored. Model 
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based maximuin over-excitations are applied, which are not dependent on 
the measiored temperatures. This apparatus is a good example of a 
combination of limiter and protection device. 

Alternating current machines with a power over 5 MVA are today eqmpped 
with resistive temperature sensors (e.g. PtlOO elements) which are placed in 
or in close connection to the stator winding. These give a good information 
about the working temperature of the winding. These are connected to a 
protection that disconnects the machine when the temperature reaches over 
a certain limit. These limits are t3rpically established from the temperature 
class or from measurements during starting-up of the machine. 

In the patent SE 510 315, a special application of an altemating current 
machine is disclosed. The machine has a stator winding of insulated high 
voltage cable. Due to the inherent properties of these machines, the rotor 
windings may in turn be designed in a way that it always is the stator 
CTorrent that acts limiting on the utilisation of the machine. The rotor 
temperature is therefore of no interest. The control of the machine thus 
depends solely on the stator current and stator temperature. The findings 
from this patent is obviously not applicable to a general altemating current 
machine, where the thermal stress caused by the rotor current plays an 
important role for an optimiam design for the whole machine. 

A problem with machine protections and limiters according to prior art is 
that they in many cases are based on rough static models about loss 
generation and conduction and temperature rise. The actual conditions, 
such as variation in the temperature of the environment, are generally very 
little taken into consideration. In order to obtain a protection also for rather 
extreme conditions, large security margins have to be used. In less extreme 
cases, this leads to that the protections are released unnecessarily early in a 
process. Furthermore, if a load drop or fault in the electric power network 
causes an unfavourable division of reactive and active power, this may easily 
lead to a temperature and/ or current increase in certain parts of an 
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alternating current machine. If the protection is set to a completely too low 
level, such an electric power network situation may lead to that the 
protection of the machine is activated and that the machine thereby is 
turned off. This may in turn lead to an aggravated condition for the electric 
power network. 

SUMMARY 

A general object of the present invention is thus to provide methods and 
devices for alternating current machines, with which one increases the 
possibilities and flexibility to temporarily change consumed or supplied 
active or reactive power to an electric power network. Another object is to 
provide electric alternating current machines that have larger margins for 
changes of its operational state. A further object of the present invention is 
that in the long run provide a power network with increased possibilities to 
planned and/ or coordinated power alterations. 

The above objects are achieved by methods and devices according to the 
enclosed patent claims. In general words, the temperature of the rotor 
winding and/ or its insulation is measured during operation. The measxired 
temperature is then used to utilise, in a controlled manner, the margin in 
thermal material utilisation that the isolation material in alternating current 
machines in general have. Rotor and/or stator current may be regulated in 
order to give rise to a requested production or consumption of active and 
reactive power. Even if the regulation of the ciirrents and temperatures of 
the windings are made to exceed nominal values, one may with the 
temperature monitoring deliberately allow this during a limited time period, 
possibly at the e^ense of the life of the material. An electric power network 
with alternating ctirrent machines of this kind may utilise existent 
temperature margins in connected machines, and at operational problems, 
these margins may during a shorter time be taken advantage of in order to 
facilitate the continuous operation of the electric power network. If the 
information about the margins of the different machines are pre-stored. 
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measures to be taken at different kinds of operational problems may be pre- 
planned and a co-ordination of measxires may then be taken when faults 
appear. 

The present invention is particularly suitable to be used for generators and 
large motors with a power over about 10 MVA. It is also particularly suitable 
to be used for machines with conventional stator voltage at connection to the 
electric power network, i.e. for voltages below 25 kV. 

SHORT DESCRIPTION OF THE DRAWINGS 

The invention and further objects and advantages that are achieved thereby 
are best understood by reference to the description below and the enclose 
drawings, in which: 

Fig. la is an equivalent scheme for a synchronous machine when 
the resistance in the stator winding is neglected; 

Fig. lb is a combined capability and phasor diagram for a 
synchronous niachine in over-magnetised generator operation; 

Fig. 2a is a schematic drawing of how the current may be 
increased in a stator or rotor winding, when the temperature margins are 
utilised; 

Fig. 2b shows a typical relation between life and temperature of 
an isolation material; 

Fig. 3 shows the change in the operational state of a 

sjmchronous generator when it is overloaded with reactive power; 

Fig. 4a shows a time course for the temperature of the rotor 
winding when a synchronous generator is overloaded with reactive power in 
two intervals; 

Fig. 4b shows a time course for the temperature of the stator 
winding when a synchronous generator is overloaded with reactive power in 
two intervals; 
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Fig. 5a shows a controlled time course for the rotor cxirrent in 
order to regulate reactive power and temperature in the synchronous 
generator at reactive overload; 

Fig. 5b shows the time course for reactive power production when 
the synchronous generator is overloaded according to Fig. 5a; 

Fig. 6a shows a reformialated equivalence scheme for an 
asynchronous machine with winded rotor; 

Fig. 6b shows the change in the operational state of an 
asynchronous machine in generator operation when it is overloaded with 
active power; 

P^. 7a shows a time course for active power production when an 
asynchronous machine in generator operation is overloaded by active power 
in an interval; 

Fig. 7b shows a time course for the temperature of the stator 
winding when an a^oichronous machine in generator operation is 
overloaded with active power in an interval; 

Fig. 8 shows the change in the operational state of a 

synchronous motor when it during a short time is overloaded with a reactive 
power that is not permitted for continuous operation; 

Fig. 9a shows a time course for reactive power production when a 
synchronous motor is overloaded with a with time varying reactive power; 

Fig. 9b shows a time course for the temperature of the rotor 
winding when a synchronous motor is overloaded with a with time varying 
reactive power; 

Fig. 10 shows a block diagram of a S3mchronous machine 
according to the present invention with static magnetisation; 

Fi^. 11 shows a block diagram of a s3mchronous machine 
according to the present invention with brushless magnetising; 

Fig. 12 shows a block diagram of an asynchronous machine 
according to the present invention with winded rotor and slip rings; 

Fig. 13 shows a block diagram of a control system for an 
alternating ctirrent machine according to the present invention; 
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Fig. 14a shows a block diagram of an electric power plant with two 
alternating current machines according to the present invention; 

Fig. 14b shows a block diagram of communicating electric power 
plants; 

Fig. 15 shows a flow diagram of a control method for an 
alternating current machine according to the present invention; 

Fig. 16 shows a flow diagram of a protection method for an 
alternating current machine according to the present invention; and 

Fig. 17 shows a flow diagram of a control method for an electric 
power plant according to the present invention. 

DETAILED DESCRIPTION 

Alternating current machines may be used under different operational 
conditions, whereby they give away or take up different active and reactive 
power. In fig. la, an equivalence scheme for a synchronous machine in 
stationary operation is shown. In this case, the difference in reactance 
between the direct and the quadrature axis is disregarded, i.e. one assumes 
that one has a round rotor. A machine with pronounced poles does not have 
any corresponding scheme, but the basic principles of the present invention 
nevertheless apply also for such machines. Ia denotes the stator current and 
jXs denotes the synchronous reactance 2. A pole voltage Us is applied over 
the connection terminals and an inner excitation voltage Ea, which is 
controlled by the rotor current If, is created in a fundamental voltage 
generator 1. 

In figure lb, a corresponding capability diagraun is shown. P denotes the 
active power and Q the reactive power. In figure lb, one has assumed that 
the pole voltage amounts to its rated value Us. The current in the windings 
has specified rated values Ifn and Ian, which should not be exceeded. These 
rated values Ifn and Ian are represented in fig. lb by the circle arcs 6 and 7, 
respectively. Permitted operational conditions are thus limited to an area 
where both If^Ifn and Ia^Ian. This means that the area 3 is not permitted 
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since Ia is limiting and the area 4 is not permitted since If is limiting. 
According to lEC 34-1, sect. 9, a synchronous generator is marked with 
rated apparent power Sn and its rated power factor cos t}»N. From these data, 
active and reactive rated power can be calculated (Pn and Qn, resp.). 
Corresponding reasoning can be performed for synchronous motors. Any 
possible control of the operational conditions of the machine is thus limited 
to an area 5. An operational state is given by the powers Pi and Qi, which 
are positioned within area 5. 

A change of the pole volt^e Us to the machine changes the capabiUty 
diagram, which also concerns the efficiency of the method, but not the 
principle of the method. Since the rotational speed of the machine is 
assumed to be constant, the ventilation and friction losses are normaUy 
likewise constant. Even if the pole voltage Us may vary, this influences veiy 
little on the magnetisation losses in the machine. The machine is then 
limited as indicated in fig. lb by the rated values Ian and Ifn of the stator and 
rotor ciirrents, respectively. 

If the machine operates at rated power Pn and Qn, one quickly realises that 
an increase in the reactive power Q can not be performed without exceeding 
the rated currents Ian or Ifn. The only way to increase the reactive power Q is 
to simultaneously decrease the active power P, which in most cases is not 
adequate. The margins within which the active and reactive power is sdlowed 
to be varied is in practice very limited in this view. 

The temperature in the windings of the rotor in an alternating current 
machine is thus, as discussed above, often a limiting parameter for the 
capacity of the alternating current machine to produce electric momentum 
as well as its capacity to produce reactive power via the stator windings to 
the power network. Limits for temperatures and currents are set in order to 
protect the machine against destroying overloading. However, existent 
alternating current msLchines often have a large thermal margin in that the 
designer built in security margins at the design of the machine or in that 
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new experience values have been achieved since the machine was taken into 
operation. 



In the following, a description is given of the thermal utilisation of the rotor 
5 winding insulation and what msu-gins that normally are available in a large 

altemating current machine and that can be utilised by the present 
invention. 



The insulation in altemating current machines with conventional insulation 
10 is divided into temperature classes that states how high temperature that is 

permitted. For rotating machines, these are described in lEC publication 34- 

1 "Rotating electrical machines", sect. 7, "Thermal performance and tests". 

Furthermore, for large machines there are often own customer 

specifications, which puts additional demands on the temperature in the 
15 winding insulation in different operational modes. Maximum temperature in 

the winding insulation in a stator for the different classes is given in table 1. 

Similar classification is available also for rotor winding insulation. 



Klass 


Maximal temperatur 


Temperaturskillnad till 
kylmedium 


A 


lOS-C 


65»C 


B 




90*C 


F 


1550C 


115°C 


H 


180°C 


140»C 



20 Table 1. Isolation classes for indirect air-cooled rotating machines 

when the temperature is measured by a thermometer. Maximiim 
allowed temperature varies somewhat with measuring method. 

For air-cooled electric generators, it is normally a demand of that the 
25 machine should be able to operate with a temperature on the cold cooling air 

of up to 40''C. The machine should then be dimensioned based on a 
temperature increase from this. The same is essentially valid for large 
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industrial motors. In the last column in table 1, the temperature difference 
to the cooling medixim with maximum temperature that should be used at 
calculations is shown. The real temperature on the cold cooling air is in 
many cases colder. A machine with open ventilation uses the air in its 
environment for cooling, or it may perhaps have an air inlet for the cooling 
air. This normally means that the temperature of this air, at least during 
certain periods of the day or year, is much colder. One may thus allow for an 
increased temperature rise in the machine without exceeding the absolute 
limit values in table 1. For machines with closed ventilation, the water 
temperature to the air cooler will in similar maimer vary dxiring the year or 
day. The same will be valid for machines with direct water cooling, i,e. where 
water is led into conducting conductors and/ or laminated parts of the 
machine. 

For lai^e alternating ctarrent machines that are built in small series, for the 
reason of xmcertainty in the dimensioning basis, one wants to dimension the 
machine for to operate with a temperature that is somewhat below the 
specified temperature. This is attributed to the costs, which are connected to 
re-design and reconstruction if the temperature limit is nceeded. 

For certain machines, such as large electric generators and motors, the 
customer wants that the machine should be constructed for one temperature 
class lower than what the insulation endures, e.g. that the machine is made 
with windings for class F, while it is utilised thermally according to class B. 
This is for to have an extra safety at temporary faults and in order to be able 
to handle increased long time effects, which where imknown at the time 
when the machine was delivered and put into operation. 

For electric generators, the price is partly determined based on the efBciency 
of the machine. For a supplier, it is therefore important to optimise the 
machine regarding losses. It may therefore at certain occasions be 
economically optimal to make a machine that is utilised such that the losses 
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are reduced. This normally leads to that the machines becomes colder than 
what is permitted according to the temperature classes. 

The specified temperatures for each temperature class are valid for 
continuous operation. For intermittent operation, one may with a short 
duration allow higher temperature without destro3dng the insulation. For 
organic insulation, one normally calculates with that the life is halved for 
each 8- 12*^0 that the operational temperature is increased. This is illustrated 
in fig. 2b. For an increase of the operational temperature of AT, the life is 
reduced from to to ti. This may also be expressed as 

M 'O ^ > 

where x amounts to the value 8-12**C. One may thus during shorter periods 
of time, e.g. during 30 minutes or an hour, increase the temperature above 
the maximum temperatures in table 1 without to any appreciable extent 
shortening the total life of the insulation. 

By this, one realises that by taking standards, customer requests, 
uncertainty in dimensioning and inherent tolerances in insulation margins, 
there exists in large electric generators and motors today a significant 
thermal capacity, which temporarily may be utilised in order to increase the 
power of the machine. This is illustrated in fig. 2a. The diagram shows a 
number of current levels lo to I4. lo corresponds to the calculated rated 
ciirrent, with considerations taken to temperature class, maximum cooling 
medium temperature and dimensioning margins, i.e. the nomially specified 
maximum current. If direct measuring of the temperature is performed, one 
does not need to utilise any dimensioning margins and a current Ii can be 
used without any risk for damages. If furthermore a cooling medium with a 
lower temperature than 40'*C is used, the current may be increased further 
12 without exceeding the requested temperature of the insulation. If 
additionally the actual temperature diirability of the material is used, 
instead of the maximum temperature for the temperature class of the 
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insulation, there is an additional margin to utilise and a current I3 can be 
used. This current may thus be used at continuous operation without ageing 
the insulation more rapidly than calculated. For shorter time periods, the 
current may be increased further, to a value U. when a deUberate power 
increase is exchanged to a faster ageing of the insulation material. The value 
I4 should, however, be kept below an absolute maximum level, over which 
the risk for material damages within a short time is considered to be too 
lai^e. 

There are today a large number of alternating current machines installed in 
power plants, which were built several decades ago and which gradually 
imdergo restorations. The evolution of the insiolation materials has during 
the years lead to possibiUties to, in existing slots, having space for more 
copper and/or for more current in the windings since the voltage strength 
and/ or temperature class has increased. 

In cormection with restorations of an existing alternating current machine, 
one will therefore be able to increase the rated power on the machine. This is 
sometimes taken out as increased active power by rebtiilding turbines and 
other mechanical arrangements. It may also be taken out as increased 
reactive power, whereby in particular the capability of the rotor winding/field 
winding to bear cxirrent is required. Restorated machines thus constitute 
excellent object for to apply the present invention on. 

Further discussions about rotor temperatures may be found e.g. in "Rotor 
heating as an indicator of system voltage instability", IEEE Trans, on Power 
Systems, Vol. 10, No. 1, Feb. 1995, pp. 175-81. 

Some examples on situations where alternating current machines can be 
overloaded will now be described, in order to elucidate the possibilities for 
temporary changes of the power conversion in an alternating current 
machine. 
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First, it is described how an alternating current machine may be overloaded 
with reactive power when it operates as generator. In figure 3, it is shown 
how the continuous operational state of the machine is altered when reactive 
power production is increased from Q2 to Q3 for a synchronous machine with 
maintained active power production P2. The temporary limitations for 
stationary operation, which the machine has when the insulation is used 
thermally, are shown by the circle arcs 8 and 9. These limitations 8, 9 can 
be estimated from the continuous or intermittent temperature 
measurements. Since the measurements are updated as time goes, also the 
limitations can be updated with time, e.g. if unexpected outer effects 
supervene, such as a considerably enhanced cooling water temperature. The 
total power may thus without risk for damages on the insulation be put 
outside the area 5, which was not possible within prior art. In this respect, it 
is possible to still deliver the same active power to the electric power 
network, despite that an increased reactive power extraction takes place. The 
increased reactive power extraction will result in an increased temperature 
in the rotor and stator windings, but this temperature increase is carefully 
monitored and may thus not lead to xandesired material damages. In the 
shown case where the reactive power Q3 is extracted, the continuous 
operation is limited by the rotor current. 

Figure 4a and 4b show how the temperature in the windings of the rotor and 
stator, respectively, is increased during a period when the machine delivers 
extra reactive power, specifies nominal temperature for the respective 
windings, specifies maximum temperature for shorter overloads for 
respective windings, Sb specifies starting temperature for respective winding 
before the increased power extraction and Se specifies the temperature at a 
stationary state during increased power extraction. The figure presents three 
time intervals. The first corresponds to continuous operation. The time 
interval Ati corresponds to a temperature increase phase and the time 
interval At2 corresponds to a stationary phase at enhanced temperature. The 
intervals are described more below. 
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The rotor cxarrent is regulated according to a cxirve, which is shown in figure 
5a, whereby a reactive power extraction according to fig. 5b is accompUshed. 
The rotor current is increased in the interval Ati to a temporary value It, 
somewhat over the permitted one for static conditions. The achieved reactive 
power then foUows a similar cxirve, according to fig. 5b. The temperature of 
the windings of the stator and rotor, respectively, wiU then gradually 
increase according to conventional heat conducting principles. When the 
maximum temperature for either stator or rotor has been reached, the rotor 
current is reduced to a value Ie2, which is adjusted in order to maintain the 
temperatures constant at this higher level. This interval is specified by At2. 
In this case it is the rotor windings that first reach maximimi temperature 
and which therefore act limiting, according to fig. 3. 

Thus, when the monitoring system, which is made possible by the 
continuous or intermittent temperature measurement, shows that the rotor 
winding temperature »r has reached its maximum value Sm, the rotor 
current Ir is regulated down again to a value If2, which keeps the rotor 
winding at a steady high temperature in the vicinity of the maximum Sm. The 
reactive power Q amovmts during the interval At2 to a value which exceeds 
the nominal Sn. This utilisation of the temperature margins in the machine 
leads to that the Ufe of the insulation material may be shortened. At2 shovild 
therefore be limited in time, whereupon the rotor current Ir is decreased 
again in order to let the temperature return to a level below the nominal Sn. 
The duration of the intenral Ata may typically be firom 10-15 minutes up to 
some hour, or until the temporary need for reactive power is reduced or 
disappears. 

The temporary limitations of rotor and stator current that are shown in fig. 3 
concern stationary or semi-stationary conditions. During the transient phase 
deltatl, where the temperatures are regulated up, the currents may be 
increased further, since the machine then is not in thermal equilibrium. This 
is not shown in the diagram of fig. 3, but it is obvious for anyone skilled in 
the art that such a further increase according to fig. 5a can occur. 
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Figure 6a, shows a reformulated equivalence scheme for an asynchronous 
machine with winded rotor where Xm is the magnetising reactance, while Xls 
denotes the leak reactance in the stator winding. The sum of these 
constitutes the reactance of the stator winding and is denoted by Xa. The 
value and phase of the rotor current Ir are referred to the stator side of the 
machine. One should note that unlike the equivalence scheme in figure la, 
fig. 6a is valid also when the rotor rotates asynchronously. 

In figure 6b, it is shown how the continuous operational state of an 
asynchronous machine is changed when active power production is 
increased from P4 to P5. The temporary limitations that the machine has 
when the insulation is utilised thermally are shown with the circle arcs 8 
and 9. These limitations 8, 9 may as above be estimated from the continuous 
or intermittent temperature measurements. The total power may thus also 
here without risk for damages on the insulation be put outside the area 5, 
which was not possible within the prior art. In this respect, it is possible to 
increase the delivery of active power to the electric power network. The 
increased active power extraction will result in an increased temperature in 
the windings of the rotor and stator, but this temperature increase is 
carefully monitored and may thus not lead to undesired material damages. 

A time course for a controlled overload is shown in the figures 7a and 7b. By 
controlling the root means square (RMS) value of the rotor current according 
to fig. 6b, an increased active power can be obtained during a time interval 
At3, as shown in fig. 7a. This active power corresponds in this example to the 
estimated power that during stationary operation gives a maximum 
temperature of the stator. After the time interval At3, the power is regulated 
down back to the normal. In fig. 7b, the temperature response in the stator 
winding is shown. During the interval At3 the temperature increases 
gradually towards the expected end value 3m, but does not reach all way up 
before the time interval is over. The stator temperature is thus in other 
words all the time kept within allowed temperature values. 
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In figure 8, it is shown how the continuous operational state of the 
synchronous machine is changed when reactive power production 
temporarily is changed from Qe to Q? in motor operation. The temporary 
limitations for stationary operation that the machine has when the 
insulation is utilised thermally are shown with the circle arcs 8 and 9. The 
limitations 8, 9 may as above be estimated from the continuous or 
intermittent temperature measurements. The total power may thus also here 
without risk for damages on the insxilation be put outside the area 5, which 
was not possible in prior art. The operational point may even, as in this case, 
during a limited time be placed outside the limitations 8 and 9, thanks to a 
continuous or intermittent temperature monitoring. In this respect, it is 
possible to increase the deUveiy of reactive power to the electric power 
network. The increased reactive power extraction will result in an increased 
temperature in the rotor and stator windings, but this temperature increase 
is carefully monitored and may thus not lead to xmdesired material damages. 

A time course for a controlled overload is shown in the figures 9a and 9b. By 
controlling the rotor current according to fig. 8, an increased reactive power 
may be obtained during two time intervals At4 and Ats, as shown in fig, 9a. 
During the time interval At4, the extraction of reactive power is regulated up 
to a very high level Q?, which gives a very fast temperature rise in the rotor, 
as shown in fig. 9b. This may e.g. correspond to an emergency situation 
where the electric power network is risking collapse as a result of shortage of 
reactive power. When the rotor is coming closer to its maximimi temperature 
Sm, the reactive power Q has to be limited, in order for acute damages not to 
arise at the rotor. The reactive power is therefore regulated down gradually 
during the time interval Ats, when the electric power network hopefully has 
managed to recover or when any other machine takes over the production of 
reactive power. In figure 9b, the temperature response in the rotor winding is 
shown. During the interval At4 the temperature rises strongly, but when the 
reactive power is regulated down, the temperature starts eventually to fall to 
return to a normal value. The rotor temperature is with other words all the 
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tiine kept within the allowed temperature values despite a very strong 
temporsLry load. 

The time course when the power to the alternating ciorrent machine is 
temporarily increased may be varied in relation to the earlier description. In 
a general embodiment the extracted power may be varied arbitrarily, under 
the condition that the measured or estimated temperature is kept under 
control. 

It is furthermore obvious that a combination of regulation of active and 
reactive power can be performed. One may thus e.g. reduce the active power 
in order to be able to increase the reactive power further. It is also possible 
to keep the relation between active and reactive power, but only to increase 
the total power exchange. 

The method may thus be used in principle for to increase or decrease active 
or reactive power for synchronous or asynchronous machines in motor or 
generator operation. Anyone skilled in the art however realises that certain of 
the cases leads to unfavourable operational conditions for the machines and 
are of less practical importance, even if it in principle is possible. The most 
usable case is judged to be reactive overload of an electric generator. 

The present invention, which uses thermal material utilisation of an 
alternating current machine, can be utilised by different types of 
instrumentation for measuring or estimating the temperature of the 
insulation of the rotor winding. The controlled time course of the increased 
power conversion may be varied in different ways according to the basic idea 
that the present invention mediates. 

The present invention assumes that one during operation knows the 
temperature for the rotor winding or its insulation with a sufficiently 
accuracy and time resolution. The temperature of the insulation in the rotor 
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winding can be determined in different ways depending on the accxiracy that 
is reqiured. 

Fig. 10 illustrates a sketch of how the method can be utilised for a 
synchronous machine with static ms^etising. A rot»r 14, arranged aroiond 
a rotating shaft 10, is provided with windings 12. The rotor rotates within a 
stator 28 with stator windings 26. A power transformer 46 supplies the 
stator windings 26 with current through wires 40. The direct current from 
the alternating to direct current (AC to DC) converter 36 is brought over 
brushes 38 to slip rings 24 arranged at the rotor shaft 10 and further to the 
rotor windings 12 via wires 22. This constitutes in principle a synchronous 
machine with static magnetisation according to prior art. According to the 
present invention, the temperature in the rotor winding is measured 
continuously or intermittent. The temperature in the rotor winding is 
determined in the presented embodiment directly by measurement during 
operation. This is accomplished by placing one or several sensors in the 
winding or winding insulation ("Embedded Temperature Detector", ETD). The 
rotor temperature sensors 16 are thus placed in or in connection to the rotor 
windings 12. Stator temperature sensors 30 may preferably also be placed in 
or in connection to the stator windings 26. The sensors are placed at 
positions, which based on analyses and/or ^periments have been foxand to 
be critical for the winding. The sensors can be realised by placing e.g. 
resistive thermometers (PtlOO elements or similar thermoelements) in the 
stator winding 26 and/or rotor winding 12. For alternating current machines 
over 5 MVA it is a requirement in relation to lEC 34-1, section 7 to supply 
the stator winding 26 with ETD for thermal protection of the machine. To 
equip the stator winding 26 with a resistive thermometer is a preferred 
embodiment at use of the present invention. This gives therefore a very good 
control of the temperature and a safe and accvirate material utilisation of the 
machine. 

The signals from the rotor temperature sensors 16 are collected via a 
measurement tinit/ signal processor 18, which is connected to a transmitter 
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20 for wireless communication, arranged at the rotating shaft 10. A 
corresponding receiver 21 for wireless commimication is arranged at the 
stationary parts of the machine. The commimication is described more in 
detail below. The signals from the stator temperature sensors 30 and the 
measurement results transmitted to the receiver 21 are collected via a 
measiirement unit/ signal processor 32, which forwards the results to a 
processing unit 34. The processing imit is preferably a microprocessor. The 
processing imit 34 can then control the AC to DC converter 36 so that a 
suitable rotor current is obtained. 



Fig. 11 shows a s3nichronous machine according to the present invention, 
where brushless magnetisation is used. Similar parts as in fig. 10 have been 
denoted by corresponding reference numerals and will not again be 
described. Only the, for the operation important, new parts are described 
below. Instead of providing the rotor windings 12 with a current via slip 
rings, a current is supplied by a magnetisation machine 58 arramged at the 
rotor shaft 10. The AC to DC converter 36 supplies a winding 50 on the 
stator 48 of the magnetisation machine with current. At rotation of the rotor 
shaft 10, a current is obtained in the windings 52 on the rotor 54 of the 
magnetisation machine. The current is converted from AC to DC by a 
converter 56 and is fed to the rotor windings 12. In a corresponding way as 
earlier are temperature sensors arranged at sxiitable places in or at the 
windings. 

Fig. 12 shows a slip ring based asynchronous machine according to the 
present invention. Similar parts as in fig. 10 have again been denoted by 
corresponding reference numerals and will not agadn be described. Only the, 
for the operation important, new parts are described below. The power 
transformer 42 supplies here a frequency converter 60 with current. The 
frequency converter 60 transmits in turn alternating current via brushes 62 
and slip rings 64 to the rotor 14, This machine is in a similar way as before 
provided with temperature sensors 16 and 30. The rotor temperature 
sensors 16 are, however, in this embodiment connected to an additional slip 
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ring 66 on the rotor shaft 10. and transfers the measurement information to 
a brush means 68 to the stationary part of the machine. 

General methods used for monitoring the temperature of the rotor or its 
insulation are available also by indirect measurement. Rotor ctarrent may 
then be used for indirect temperature measiarement. However, even if heat 
tests are performed when the machine is in operation, indirect measurement 
generally gives a worse accuracy. Furthermore, indirect measurements often 
give only averaged temperature indications and the temperatures in critical 
points may be considerably higher, which calls for use of temperature 
mar^ns anyway. 

According to the present invention, the rotor winding temperature and/or 
the temperature of its insiilation is measured by direct measurements, 
preferably at critical points. To equip the rotor winding with resistive 
temperature sensors is a preferred embodiment at use of the present 
invention for both synchronous and asynchixjnous machines. 

For alternating current machines with winded rotor, the control unit that 
controls the rotor current is traditionally placed stationary on the outside of 
the machine. With brushless magnetisation of a synchronous machine, the 
rotor current is in general regulated by conti-olling the magnetisation to the 
magnetisation machine, as it is shown in fig. 11. With static magnetisation 
of a synchronous machine, the AC to DC converter is normally placed 
outside the machine and the current is transferred via sUp rings to the rotor 
winding, as shown in fig. 10. An asynchronous machine with winded rotor is 
normally designed with slip rings so that the rotor winding can be fed by an 
alternating voltage or cxurent from a frequency converter which is placed 
outside the machine. A common feature for these alternatives is that when 
the control unit for the rotor current is placed outside the machine (and not 
on the shaft), a communication line is needed between rotor and stator. This 
may be reaKsed in several ways depending on demands on the number of 
measurement points and accuracy and what should be measured. 
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For measuring of rotor temperature, it is a preferred embodiment to moimt 
2 -10 temperature sensors (e.g. Pt-100 elements) at selected places in the 
rotor winding and to transfer the measurement signals to the stationary 
control \init via a digital radio connection between stator and rotor, as 
shown in fig. 10 and 11. Energy to the commimication line and 
measurement system is fetched from a stabilised ciarrent supply, which is 
placed at the shaft of the machine and which collects its energy from the 
rotor winding. 

Alternatively, analogue communication may be used. The communication 
may then be made wireless or, as shown in fig. 12, via slip rings. 

In the embodiment described above, measurement data concerning winding 
temperature is sent to a processing unit. This processing unit is used in one 
embodiment of the present invention for control of the rotor current. This 
may simply be made by, as suggested in the figures 10-12, connecting the 
processing lanit to a converter or cxirrent generator. The temperature 
information may also be used for controlling stator currents. In a simple 
implementation of this control method, the control of the current is based 
only on the measured temperatures and outer provided data about desired 
operation. Other information may, however, also be usable at the control of 
the currents. Such information may e.g. be constituted by calibration 
measurement. 

It has during the later decades existed a distinct trend to miniaturise 
electronics for signal processing, Telecommimication may be considered to 
be almost totally digital today in its essential parts. Signal processing in 
control and regulating circuits has also been miniaturised and it is easy to 
implement internal digital signal processing into e.g. current converters, 
both AC to DC converters and DC to AC (direct to alternating current) 
converters. To design such circuits with analogue technique does not involve 
any additional value, since the digital resolution both concerning amplitude 
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and time is large enough. Digital communication is also to prefer because of 
other aspects such as the possibilities to set and trim the parameters of the 
regulation circuits at a distance. An original parameter setting may thus be 
changed during operation to a modified parameter setting based on earUer 
operational data. 

A preferred embodiment of the control system is schematically shown in fig. 
13. A processing unit 100 is arranged to receive measurement results fix)m 
temperature measurements from, rotor temperature sensors 104. Preferably, 
also stator temperature measurements are provided by stator temperature 
sensors 102. The processing unit 100 is furthermore connected to a control 
means 108, which is concerned with control of stator and/or rotor cxarrent. 
The processing unit 100 is in this preferred embodiment also connected to a 
storage unit 106 for temperature data. This temperature data may also 
comprise simple limit information that may be provided by manual input, 
such as information about nominal and maximxmi stator and rotor 
temperature. The data may also comprise measured and/or estimated 
relations between rotor and stator current, and rotor and stator temperature 
at stationary states. Such data may e.g. be provided at calibration runs. 
Furthermore, the measured temperatures may during operation be stored 
and as time goes processed, to update and correct such relations. Also data 
that describes the temperature history of the rotor and stator may be stored, 
in order to be used at decisions about how hard the machine can be run. 



A processing imit 100 with access to a well-supplied database of 
temperature information may be programmed in a suitable manner to 
provide a very intelligent control of the material margins of a machine. The 
content of the database may be used in order to, at every occasion, calculate 
the gathered temperature margin that is available in an alternating current 
machine. In an emergency situation, e.g. if a voltage collapse of the electric 
power network is dangerously close, such temperature margins may then 
easily be used to temporarily rescue the situation. A deUberate operation of 
the machine over its rated values may according to the present invention be 
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performed due to the reliable supervision of the temperature development in 
the machine. 

The processing unit 100 may also be used to implement a flexible and 
intelligent protection or limitation device for the machine. If something 
exceptional occurs, such as a faulty net voltage, the operational state of the 
machine is normally changed. By being able to detect e.g. the time derivative 
of temperatures in the windings, a fault may rapidly be detected. This may 
also be used as a pure indication of certain electric power network faults, 
such as being described in "Rotor heating as an indicator of system voltage 
instability", IEEE Trans, on Power Systems, Vol. 10, No. 1, Feb. 1995, pp. 
175-81. To avoid that a machine is totally turned off, and thereby aggravate 
the condition for an already unstable electric power network, the machine 
may in such situations be turned over to run in some other operational 
state, that doesn't risk to heat up the stator or rotor to forbidden 
temperatures. Furthermore, one could in such situations on purpose let the 
machine be warmer than the nominal temperature, while taking care of the 
fault that causes the heating. However, one has always to make sure that 
the temperatures always are kept below a maximum level, where risk for 
damages on the machine is present also for a shorter operational period. 

A control of the machine in order to avoid turn-off may normally be driven to ^ 
a certain limit, when e.g. the relation between active and reactive power 
becomes so exceptional that the machine is risking to become iinstable. A 
soft and well-regulated tuming-off may then be performed. 

The concept with information about thermal material margins may also be 
brought out on an electric power plant level or electric power network level. 
Electric power plant is in this application referring to a construction 
comprising a group of alternating cxarrent machines, which are situated 
within a limited area and are operated in a co-ordinated manner and which 
preferably belong to the same operator. An electric power plant according to 
the above definition may typically consist of a number of alternating current 
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machines, transformers, lines, cables, bus bars, disconnecting switches and 
circuit breakers and accompanying measuring and setting devices. An 
electric power network is in this appHcation referring to a network of 
connected electric power plants, which typically are spread over a wider 
geographical area. 

Fig. 14a and 14b show schematically an electric power plant, in which a 
number of alternating current machines 202 are comprised. Together with 
control equipment for the machine, the alternating current machine 202 
constitutes a machine xmit 211. Each machine imit 211 constitutes a part of 
an electric power plant (according to earlier definition), which via power lines 
or cables 201 is connected to a electric power network 200. The machines 
are equipped with temperature sensors 203 according the present invention, 
and temperature data is collected by a control xanit 204 at each machine. 
The control unit 204 comprises logically the processing unit in the earlier 
description. A group of machine units 21 1 are generally controlled by a plant 
management unit 206. According to the present invention, a nxmiber of 
commvmication devices 205 are established between the control units 204 
for the machines and the plant management xinit 206. If a fault occurs in 
the network, the plant management unit 206 may transfer information about 
this to the different control lanits, perhaps connected to a request about to 
temporary being able to drive the machines in a particular way. The 
respective control units 204 may at their side inform the plant management 
unit 206 about its present operational state and if any tendencies of network 
instabilities have been detected. 

Such a configuration becomes particularly powerftd if the plant management 
unit 206 has access to the current temperature condition for the different 
machines, i.e. to the temperature measiirement values or associated 
quantities calculated therefrom. In the same way as for the control of each 
separate machine, additional temperature data is also of interest. If the plant 
management imit 206 has access to both the present temperature for the 
different machines and stored information about how lai^e temperature 
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margins that is present in each of the machines, this may be utilised to 
continuously update the operational plans for how to be able to handle 
different faults or operational situations. If the plant management unit 206 
knows that a certain machine has a large margin to utilise, this may be 
requested at a fault situation, in order to maybe save other machines with 
smaller margin still in the network. 

A database with temperature data for the different machines is thus to 
prefer. This may be arranged in connection to each control unit, such as 
described above. The temperature database or a copy of it may also be 
available in the plant management unit 206, so that no temporarily 
discormected information connections may jeopardise the possibilities for 
control. The plant management unit 206 therefore preferably comprises a 
memory means for storing of the database. The information in the database 
may at a later occasion be used for analysis in order to increase the 
knowledge about the behaviour of the plant at normal operation as well as at 
disturbances. The information may also be used to analyse the efficiency of 
the plant and to be able to plan future operation modes. The database thus 
comprises both historic information, concerning the earlier operation of the 
machines, but also information that is needed for accomplishing a suitable 
control of the machines. The database may e.g. comprise the response of the 
machine at earlier occurring disturbances. 

The network communication devices 205 may operate according to different 
commimication methods according to prior art. Such methods may be based 
on stationary coimections in the form of e.g. metallic wires or fibre optics, or 
on wireless transmission, such as radio or radio relay link. At connection of 
several production management units, a network of commutiication devices 
may be built. Such a network contributes to alternative communication 
paths, which may be utilised in case any or some communication devices by 
some reason are not available. By suitable combinations of redundant 
commimication paths and storage of information in databases, the 
production management unit 206 may perform calculations and updates of 
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operation plans, for instance by extrapolating the sate in machines and 
using the results from eigenvalue calculations, even if any or some 
communication devices and/ or sensors at the present do not operate. The 
possibiKty to hxuld up a reliable network is of particular importance for 
instance at strained operational situations or during the rebviilding of the 
operation after a larger operation disturbance. 

The concept with utilisation of construction margins may, as was earlier 
indicated, also be brought out on electric power network level. Means for 
control and supervision of the electric power network, a network supervision 
unit 212, is responsible for the operation of the electric power network in 
large, and may in a corresponding way as described above communicate 
with the plant management xmits 206 of the electric power plants or 
separate electric machines 202, in order to get information about possible 
margins. TTiese margins may then be used for an optimisation of lai^er areas 
or the total operation of the electric power network. 

The information that is transferred from an electric power plant or separate 
electric machine to a network supervision unit 212 on electric power network 
level, would probably preferably be of a more summarised type than lower 
down in the hierarchy. An electric power network operator has mainly 
interest of to known available power resources on different places in the 
network and the possible costs that are connected with the use of them. "Hie 
detailed conditions regarding the individual temperature margins of the 
machines are of less interest, especially for an hierachially superior electric 
power network operator. It is also of interest for an operator on an electric 
power plant to be able to limit the information exchange, since a part of the 
available information may be used as competitive means to competing 
operators. The tasks of the network supervision imit 212 are to secure the 
possibilities for a safe and economically optimum operation of the electric 
power network. This may comprise commimication of information exchange 
and target values as well as control signals to both production management 
units 206 and electric power networks 200. During normal operation 
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conditions, the control of production management units 206 may be based 
on economical control signals, while it might be necessary to send direct 
control conmiands at serious operation disturbances, with the aim to save 
the integrity and continuous operation of the electric power network. The 
information exchange between the network supervision unit 212 and the rest 
of the units should be performed in the form of messages, which can besides 
address and message can contain security keys (coding) to limit the ones 
that have the right to take part of the information. By utilising different 
authorization criteria for different units (utilisers) in the communication 
system, an adequate secrecy against unauthorised distribution of 
information be obtained. The possibility to determine which information each 
utiliser has access to reduces the risk for distribution of sensitive 
information and enables for instance for cooperation partners to get access 
to more information than other totally extemal parties. 

A preferred embodiment of a plant management unit 206 in an electric 
power plant thus comprises a means for extemal communication. This 
means is arranged partly to receive and interpret messages from extemal 
xxnits, such as e.g. an operator of an electric power network and partly to 
send out selected information to the extemal units. 

The present invention may of course be utilised at installation of new 
equipment in an electric power network. The methods and the devices are, 
however, of such a kind that they advantageously also may be used at 
restoration of existent equipment. In many cases, restoration of old 
equipment leads to large thermal material margins, if turbines or other 
mechanical arrangements can't be upgraded in the same extent, whereby 
these machines advantageously may be utilised for control purposes. 

Fig. 15 schematically shows the control method for a rotating electric 
alternating current machine according to the present invention. The process 
starts in step 300. In step 302, the temperature of the rotor winding and/or 
its insulation is measured continuously or intermittent. In step 304, these 
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measurement data are used to control the continuous operation of the 
alternating current machine, so that a thermally controlled optimisation of 
the power conversion is obtained. The process is ended in step 310. 

Fig. 16 schematically shows the protection method for a rotating electric 
alternating current machine according to the present invention. The process 
starts in step 300. In step 302, the temperature of the rotor winding and/or 
its insulation is measured continuously or intermittent. In step 306, these 
measurement data are used to control the winding currents so that the 
temperature of the windings is regulated within permitted values. Hie 
process is ended in step 310. 

Fig. 17 schematically shows the control method of an electric power plant 
according to the present invention. The process starts in step 300, In step 
302, the temperature of the rotor winding and/or its insulation of alternating 
current machines in the electric power plant is measured continuously or 
intermittent. In step 308, these measurement data are used to control the 
power conversion of the electric power plant in a controUed and optimum 
manner. The process is ended in step 310. 

Anyone skilled in the art realises that different modifications and alterations 
can be done of the present invention without deviation fix>m the scope of the 
invention, defined by the enclosed patent claims. 
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CLAIMS 

1. Method for control of the power conversion for rotating electric 
alternating current machine, having a stator (28) and rotor (14) with windings 
(26, 12) having solid insulation, characterised by the steps of: 

direct measuring, continuously or intermittently, of the temperature of 
critical points of the rotor winding (12) and/or its insiolation; and 

optimising of the power conversion of the alternating current machine 
in a thermally controlled manner by controlling of the continuous operation of 
the alternating ctorrent machine using measured temperature as control 
parameter for rotor current. 

2. The method according to claim 1, charactexised by the further step of: 
direct measuring, continuously or intermittently, of the temperature of 

critical points of the stator winding (26) and/or its insulation, whereby the 
step of optimising is performed using also the measured stator winding 
temperature, 

3. The method according to claim 1 or 2, characterised in that the step 
of optimising in turn comprises the step of controlling, during a limited period 
of time, the rotor current to a value, which exceeds respective rated values. 

4. The method according to claim 3, characterised in that the step of 
optimising further comprises the step of controlling, during a limited period of 
time, the stator current to a value, which exceeds respective rated values. 

5. The method according to any of the claims 1 to 4, characterised in 
that the step of optimising, at generator operation, chants the relation 
between extracted active power and extracted/ supplied reactive power. 

6. The method according to any of the claims 1 to 5, characterised in 
that the step of optimising, at generator operation, changes the amovmt of 
extracted/ supplied reactive power. 
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7. The method according to any of the claims 1 to 4, characterised in 
that the step of optimising, at motor operation, changes the relation between 
supplied active power and extracted/ supplied reactive power. 

8. The method according to any of the claims 1 to 4 and 7, characterised 
in that the step of optimising, at motor operation, changes the amount of 
extracted/ supplied reactive power. 

9. The method according to any of the claims 1 to 8, characterised in 
that the optimisation is performed such that a predetermined maximxmi value 
of the temperature of the rotor winding (12) and/or its insulation never is 
exceeded. 



10. The method according to claim 9, characterised in that the 

optimisation is performed such that a predetermined maximum value of the 
temperature of the stator winding (26) and/or its insulation never is exceeded. 

11. The method according to any of the claims 1 to 10, characterised in 
that the optimisation is performed such that the nominal value of the 
temperature of the rotor winding (12) and/or its insialation only is exceeded 
during a limited period of time. 

12. The method according to claim 11, characterised in that the 

optimisation is performed such that the nominal value of the temperature of 
the stator winding (26) and/or its insulation only is exceeded during a limited 
period of time. 



13. The method according to any of the claims 1 to 12, characterised in 
that the controlling of the continuous operation of the alternating cxirrent 
machine uses parameters possible to calibrate, whereby the method further 
comprises the step of: 
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modifying of the parameters possible to calibrate, based on earlier 
operational data. 

14. Method for control of the power conversion in an electric power plant, 
comprising at least one rotating electric altemating current machine (202), 
having a stator and rotor with windings having solid insulation, characterised 
by the steps of: 

direct measuring, continuously or intermittently, of the temperature of 
critical points of the rotor winding and /or its insxilation; and 

when the electric power plant has an undesired distribution of 
conversion of active and reactive power, optimising of the power conversion of 
the altemating current machine (202) in a thermally controlled manner by 
controlling of the continuous operation of the altemating current machine 
using measured temperature as control parameter for rotor current. 

15. The method according to claim 14, characterised in that the 
optimising of the power conversion is performed, based on pre-stored 
information about the temperature margins of the altemating current machine 
(202). 

16. The method according to claim 14 or 15, characterised by the further 
step of: 

communicating of data concerning the operation of the altemating 
current machine (202) from the control umt (34; 204) to a plant management 
unit (206) belonging to the electric power plant. 

17. The method according to claim 14, 15 or 16, characterised by the 
further step of: 

communicating of instructions and/or inqioires concerning the 
operation of the altemating current machine (202) firom the plant management 
unit (206) to the control unit (34; 204). 
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18. The method according to claim 16 or 17, characterised in that the 
communication between the plant management imit (206) and the control 
imit (34; 204) is performed via metallic wires or optical fibres. 

19. The method according to claim 16 or 17, characterised in that the 
commimication between the plant management unit (206) and the control 
lonit (34; 204) is performed via radio or radio relay links. 

20. The method according to any of the claims 14 to 19, characterised by 
the step of: 

transmission of messages between the plant management tinit (206) and 
external units. 

2 1 . Rotating electric alternating current machine comprising: 
a stator (28) with windings (26) having solid insulation, 

a rotor (14) with windings (12) having solid insulation, and 
a control tanit (34; 204) for control of 2X>tor current , and 

characterised by 

at the rotor windings (12) and/or its insulation arranged, rotor 

temperature sensor (16; 203), which con:miimicates with the control unit (34; 

204), 

whereby signals from the rotor temperature sensor (16; 203) is the 
basis of the control of the rotor current. 

22. The rotating electric alternating current machine according to claim 
21, characterised in that 

the control imit (34; 204) is arranged for control of stator current; and 
by at the stator windings arranged stator temperature sensor (30; 203), 

which communicates with the control imit (34; 204); 

whereby signals from the stator temperature sensor (30; 203) is the 

basis for the control of the stator current. 
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23. The rotating electric alternating current machine according to claim 21 
or 22, characterised in that the control unit (34; 204) is arranged at a 
stationary part of the alternating current machine and that the alternating 
current machine further comprises commimication means (20, 21; 66, 68) for 
transferring of information from the rotor temperature sensor (16, 203) to the 
control imit (34; 204). 

24. The rotating electric alternating ciirrent machine according to claim 
21, 22 or 23, characterised in that the commimication means is a wireless 
communication means (20, 21). 

25. The rotating electric alternating current machine according to any of 
the claims 21 to 24, characterised by a storage unit (106) for storage of 
temperature data for the alternating current machine. 

26. The rotating electric alternating current machine according to claim 
25, characterised in that the temperature data comprises at least one of the 
following types of data: 

nominal stator temperature, 
nominal rotor temperature, 
maximimi stator temperature, 
maximum rotor temperature, 

relation between rotor current and rotor temperature at stationary 
condition, 

relation between stator current and stator temperature at stationary 
condition, 

the temperature history of the rotor, and 
the temperature history of the stator. 

27. Electric power plant comprising: 

a number of rotating electric alternating current machines (202), 
having a stator (28) and a rotor (14) with windings (26; 12) having solid 
insulation. 
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a plant management unit (206); and 
characterised in that 

at least one of the rotating electric alternating current machines (202) 
comprises a control oonit (34; 204) for control of rotor cvirrent, and at the rotor 
winding (26; 12) and/or its insulation arranged temperature sensor (16, 30; 
203), which commimicates with the control unit (34; 204), 

whereby signals from the temperature sensor (16, 30; 203) is the basis 
for the control of rotor current. 
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28, The electric power plant according to claim 27, characterised by 
conmiunication devices (205) between the control imit (34, 204) and the plant 
management unit (206) for transferring of information associated with the 
signals from the temperature sensors. 



29. The electric power plant according to claim 28, characterised in that 
the communication devices (205) comprise physical lines in the form of metal 
wires or optical fibres. 

30. The electric power plant according to claim 28, characterised in that 
the communication devices (205) comprise means for transmission via radio 
or radio links. 



31. The electric power plant according to any of the claims 27 to 30, 
characterised by a storage unit (106) for temperature data for the alternating 
2 5 current machine. 



32. The electric power plant according to claim 31, characterised in that 
the storage lanit (106) for temperature data is comprised in the control unit 
(34; 204). 

33. The electric power plant according to claim 31, characterised in that 
the storage tinit (106) for temperature data is comprised in the plant 
management unit (206) . 



• 
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34. The electric power plant according to claim 31, 32 or 33, 
characterised in that the temperature data for the alternating ciirrent 
machine comprises at least one of the following types of data: 

nominal stator temperature, 

nominal rotor temperature, 

maximiom stator temperature, 

maximxmi rotor temperature, 

relation between rotor current and rotor temperature at stationary 
condition, 

relation between stator current and stator temperature at stationary 
condition, 

the temperature history of the rotor, and 
the temperature histoiy of the stator. 



35. The electric power plant according to any of the claims 27 to 34, 
characterised in that the plant management unit (206) comprises means for 
transferring of messages to and from external units. 
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